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,,_The success of the previous Joint Solar Dynamics Project (SOLDYNI and II) observing
periods (see NCARTechnical Notes TN-202+STR and TN-2.13+STR) demonstrated the power of
the integrated operation and co-ordination of instruments available in the Hawaiian
islands in producing a wide-ranging observational record of conditions on the sun.
Examination and analysis of the data collected at those times made it clear that this
instrumentation would also allow the collection of a valuable record of the sun near
the time of the 1988 March 18 total solar eclipse. Such a record would be helpful in
the High Altitude Observatory (HAO) eclipse expedition scientific analysis efforts, and
would also provide a valuable context for the community at large in which to interpret
its own eclipse and associated observations.

This Technical Note presents the observations made during this effort in the interval

_. _I w't_ the Mark-lll K-s p s ibl__dail obs v "ons made c_e1-30 March 1988. As far _serva_orycoroname_erof the Rauna _oa % ar [ are _nclu .
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PREFACE

The success of the previous Joint Solar Dynamics Project (SOLDYN I and ll) observing

periods (see NCAR Technical Notes TN-202+STR and TN-213+STR demonstrated the power of

the integrated operation and co-ordination of instruments available in the ltawaiian islands in

producing a wide-ranging observational record of conditions on the sun. Examination and

analysis of the data collected at those times made it clear that this instrumentation would also

allow the collection of a valuable record of the sun near the time of the 1988 March 18 total solar

!
eclipse. Such a record would be helpful in the ttigh Altitude Observatory (IL_O) eclipse expedi-

i
tion scientific analysis efforts, and would also provide a valuable context for the community at i

large in which to interpret its own eclipse and associated observations.
i

This Technical Note presents the observations made during this effort in the interval 1-30

March 1988. As far as possible, daily observations made with the Mark-Ill K-coronameter of the

Mauna Loa Solar Observatory (MLSO) as well as photographic records of the sun in II_x, and from

the flare patrol at Mees Solar Observatory (MSO) on Ilaleakala, Maul, are included. We also

present daily observations of the longitudinal component of the photospheric magnetic field made

at MSO. Finally, the coronal and magnetic field observations are a._sembled into synoptic maps

for the interval around the eclipse.

D. G. Sime, Now, tuber 1988

lligh Altitude Observatory

Boulder, Colorado
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I. INTRODUCTION

The general goal of this HAO/irniversity of Ilawaii Joint Solar Dynamics rroject is to

establish the relationships that exist between the solar magnetic field which is detected in the i

,]photosphere and the structure and evolution of the corona. The SOLDYN programs of 1982 and

1983 i[see Fisher et al., 1982a, and Sime et al., 1983) demonstrated ()ur ability to use existing

i

instruments to gather data of value in the pursuit of that goal. During those programs, which ran i
4

from 14 June to 13 August 1982 and 3-17 June, 1983, daily coordinated observations were made :_
i

of the sun and corona using the Mark-Ill K-eoronameter and the prominence monitor at ]IAO's

Mauna Loa Solar Observatory (MLSO) and the Stokes polarimeter, Hc_ flare patrol and Ca II

cameras, and the lla coronagraph at the University of Hawaii's Mees Solar Observatory (MSO).

_: This wide ranging record of the sun enabled us to begin to address specific questions in partial

satisfaction of out goal (Fisher et al., 1984 and Sime et al., 1984) and encouraged us to believe

that additional observations in March 1988 would be of value. Specifically, although in some

ways less extensive than the previous years' efforts, these new data would allow us to address two

ends:

(1) Document the state of the sun, from the photosphere up through the chromosphere and out

_. into the corona for the approximately four week interval around the total solar eclipse of 18

March 1988, and

(2) Identify the relationship between the photospheric magnetic fields and the temperature and

density structure of the corona.

In this NCAR Technical Note, we present, the reduced observations made during this SOL-

I)YN Ill period and necessary to achieve these goals. They are presented both in the form of

daily photographic and photo-electric nle_urenlents, and in synoptic format for the period.

To satisfy the sciet_tific requirements of the program, the following complement of observa-

tions was defined for each (lay:

A
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Mauna SolarSolarObservatory(MLSO):

(1) One contourplotof theinnercoronalp[3distributionasa functionofpositionangl,;and

heightfrom1.3to2.1Ro

(2) Two plotsofinferredpB asa functionoflatitudeand longitude,calledSIIELLS,forheights

abovethelimbof1.3Ro and 1.7Ro

(3) One dailyNDIFF differenceimage plot,a subtractionof the previousday'ssynopticpB

imagefromthepresentday'sdata

(4) One Ha, 0.5A FWHM, disk image

(5) One Ha, 8.1A, FWtIM, full-limb image

Mees Solar Observatory (MSO):

(1) One Stokes polarimeter scan of (at least the center of) the disk at )_6303

(2) One Ha, 0.5,_ FWHM, on-band filtergram of the full disk

(3) One Ha, ,._ 7.6fk FWtIM, full-limb image

Efforts to make the full disk scans with the MSO Stokes polarimeter were concentrated on

the several days on either side of the eclipse so that the magnetic field near tile limb on eclipse

day could be estimated.

In spite of a period of disorganized weather and high overcast affecting the island chain, the

skill and perseverance of the two observatory site crews paid off in a largely complete set of obser-

vations. The full basic daily set of data was achieved on 24 out of 30 days; a tribute to the

effectiveness of both individual and team efforts. Data were gathered on 80% of SOLDYN Ill

observing days as shown in Table 2. Unfortunately, no ohservations were available during the

eclipse (calendar} day; the closest coronal observations were made some 16 1/2 hours after the

eclipse had occurred,

J
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In contrast to the situation in 1982 and 1983, tile sun was moderately active during rile

observiiLg period. This is due to the onset of the ascending phase of the activity cycle, aI_d the

appearance of the first signs of the solar maximum colJfiguratioLi ill the corona (Sime et a]., 19_8).

The active regions which were quite well spread out over longitude in contrast to the 1982 obser-

vations. Five coronal transients were observed with tile Mark-Ill during tile SOLDYN-III opera-

tions or by deduction from the daily NDIFF. The activity as noted by tile observers is summar-

ized in Table 3.

II. MLSO DATA PRODUCTS

The observations carried out at MLSO provided 2 data sets: photo-electric measurements of

the polarized coronal radiance, and photographic record:; of the liml) and disk of the sun.

Mark-III

The Mark-III K-coronameter is a 23 cm diameter objective imaging K-coronameter, which

produces digital images at the rate of three images every 18.1 s. This system h,a._ been (teseril)ed

by Fisher et al. (1981), and is the major piece of instrumentation :it. Mlfi(). i')igi;al images are

recorded onto 1,600 bpi nine-track nlagnetic t:ll)(' for archiving and sul)sequent analy,qs. During

the SOLDYN III period, three types of reduced data w_,re also produced routinely. These were:

(1) A calibrated colitollr plot of tile coronal t,!1 di._Iributi()u (NMAI')

(2) Two inferred coronal 14] (iist-ibutions ph)tted onto spherical projections, one each for

heights of 1.3 R,:. and 1.7 1?_ (S]ll':l,l,_)

(3) Daily contour plots of the one-day differen,'e pl_ distril,ttti_m (NI)IH:).

For more discussioa of these ,lata products, the reader i_ directed to the ,li,.;cussi,m I,y Rock and

Seagraves liftS2); some m¢_re detail is giveu helot,,.'.

i"-MON
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The pronfinenee monitor at MLSO is an internally occulted telescope which is used to

observe the sun's limb, _nd which provided the photographic data from MLSO. The solar image,

ll.5-mm in diameter, is recorded on 35-ram SO-2415 fihn giving a plate scale of 166.9 arc

seconds/mm. The H_ disk is observed by using a 1/2/_ FWHM X6563 filter. The observing for-

mat used is a three frame graded sequence of an under-, nominal-, and over-exposed image of the

limb through an 8.1_t FWHM interference filter usually followed by a single disk image. Several

pauses are programmed into the routine to allow the bserver to view the sun using a video sys-

tem camera so that he is aware of any _ctivity on the chromosphere. One loop of the film

sequence requires 4 min to complete. This monitoring program was run continuously from about

l h after dawn until shutdown at approximately local noon or when cloudy weather prevented

further operations. The I_fLSO crew was able to operate the prominence monitor 2.1 days out of

the 30 days of the solar dynamics observing program.

N'MAP

The NNLM_ program is a development of the IMAP program which became part of the

MLSO observing procedure on 31 January 1982. It replaces all previous coronal mapping pro-

grams for the daily data archive. The map is proportioned to represent the instrument's actual

field of view, which extends roughly between 1.2 and 2.1 /'?;_ . To give an immediate idea of the

coronal pB amplitude, there is a single polar plot of p[I in the center of the graph, which

represents data taken at the height of 1.35 17.... For this plot, the center is the zero pR level,

and tl,e inner circle is at the 20 pB level I'nils or pll are giv,.n in units of 10 a II.:, (pcrcent

polarization), where t3,:> is the mean brightness of disk cent,,r :,t lhe ,.ttectiv,, "".,,eh'ngth of

8200:_.

SI[ELI,S plots are drawn from data that represent ;, single height in the corona. Each day,

a scan is taken from which the data at. three heights art, extracted and simultaneously recorded

onto the systems disk. This represents a small portion of the daily data taken, however, it
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permits convenient long-term storage of data in a limited area of the systems disk allowing us to

maintai,l an on-line archive at M[,SO. These data have been c(dle('led ,since _ August 1980.

These data, which are also used for the nlorl: faniiliar IIIS'I'()HY plots (l:isll,'r, el ai., 19SOb), are

reproduced in a spherical projection hi a ,'_,ntoure(I di._l>lay which can be taken to r,.pr,.sent th,"

coronal structuTe a.s if viewed against the disc. Under the a.sslltilplioll that li,) ('oroilzd evohilioii

occurs after the limb pa.ssage at wllicti l,!ll, data wer(_ litkt, il, l.hcs_' data rt.pri,seili Ib;il stale O( the

corona for a one-half rotation interval.

These plots may be used for pre(ticlion lo d(.le_'mim. _here and wh,m c¢)r<,nal a_iiviiy. _vhi<'l:

is i;kely ix) be present above active regions, might appear at ,.ilht'r limb. Tl,0'y mz,y also be used

to compare with solar photographs for any rcque._ted lime if pt:ict.d ov0.r all :q,l,r(>l*riate!y sized

solar image. The e_l liinb plot for I)OY N will ._how Ill,_"diSlli},illit)ll :if cur(mztl liiilll.riitl ;_; ._eell

from tile earth Oil ])OY _;.

NI)I|:I:

MI._O II_l'_, :i dilt"'reilciiIK _,'_lt'lll ll> ,J_i*','t ,'h:ll_*'- 111 lh,' ,',,r,, li '[",t<, Ilil;t_,"- ;tl',' -t,,c*',t (>ll

1t1," _)'sll'lll di.& (,f lh,. ,'t,tllr<,l ('<,ll/]llllt'i" :lll<l 1t1,' llr-I Illi:ll_,. 1- -iIl,ll.l<l, I l'l<,ln lll,. .... ,,ll,I Tii,'

!'('niiJl._ :lr(. lr)ii,_,,lil_.(t :i:, :l i'Olll(lli;" Idol ..\!! l'+';llill,- _,: -i'll[ III t, th llii:li._'- .ti-_l,I- _r. 1,':t\lli_',

<)ill',' lh+' chaii¼c_ itl.il ll:l_c <Wcilrrc,I I),'t,icii_qi- :u'-,t:.l_ii ill -<,1i,t ,<,llt,dlr lill,'- J'illl',lll,','lilt'lll',

(ill't'Pl- _ _hl.'rt ' lhl" I'l)l'l)ll;l II:i.<-; lriivili I,riilll,'r);11"' Itl'.l\l, II III ,l:i>li,',l I','lillilll' lllll'" 'Viii" l,l,,i _ill

:tl_.() ::how thlciil:lli(ms ill _ky I)_ lariT:lli,ql ;tlld ..,,-I,'111 li,,l',' I':iil'Z XI)ll I lh,, <,1,-,r_,'r i- :_i,1,' i,,

{lll,'!'lil'('l :t('('III'III.PI.V ih,, :tcl{vtlk h,,,<,l ill lt,';ll' I"',l[ fill!,' I'(<l_ !!ltl -ll,,_.\ -ICllll;..11',1 <h;lllt_,.- ;1I,.

:u'('hl'..,t ill Ilil,, I'_.d i)li hi!,,, till. lq,,,,<tul- ,- ill t,k, :l- ',:lib :i lil lillli \l -<qlll, i,,,ilil ,tlilili(

ih*' (,t.ni'r_.illl4 pl.rhill. Ill,. l)l,_.+.l'vt,r ..-I,,,.t.. !h,. I-.,-! ilri.lt(" t',,I th,, ,{,i,, \ <lill,l,,ll,',, i,l.,i i.. illii,l*,

_._.ilh ltle c(qr,,..p, llldillg> Illl;igl, ['r_,lli ill,. iq,,\l_,ll_ ,[:,\ (h,_, . I_i\ ,lilt,l,.ll,,, l,l,,I> :_l,' ,4 Ali,,i,.-I

I,e(':lii_,. file,, :ire tlli_, ',\:i', [)t" il_f_,llill_ Ir;tii.i,.lit :_i_,l *,_<,l,ill, qi:_l,, ,',,I,,H d , h.m:;, .... ,_,'r ;i ,,:irl,,l\ ()[

iilile _(':iit,._ r;lligill_ ,¢r_liii #i llllll l_l lllli, _1_1%

i

,I
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The NDIFF plot is uncorrected for instrumental effects, most notably the effect of a triangu-

lar sample slit, but it is possible to interpret this real-time data plot with tile help of Table 1. In

the first three columns, height above the limb is given in units of the fractional height of the field

of view in the NDIFF plGt, height in are seconds, and in units of R,3 above the true limb of the

sun. As many _ three contours may be plotted on the NDIFF map. Depleted regions are indi-

cated by a solid contour line. The absolute value of _l.e inferred difference in pB detected is actu-

ally a function of height due to the triangular sampling slit. This variation is shown by the values _

of the NDIFF contour levels as a function of height -- columns four through six in Table 1. Thus,

an indication of a depleted region enclosed by two solid contours at midpoint between the !imb

and the edge of the field of view implies a ApB between 2.4 × 10-g Bo and 3.7 × 10-g BO has

occurred between the two images used to estimate the NDIFF plot. More information concerning

the NDIFF plot is given by Rock and Seagraves (198°.).

TABLE 1

ApB vs. Height

Height Contour Levels (× 104 Bo )
r(fractional h(arc sec) Rc_ Ist 2nd 3rd

height in NDIFF)

0.0 350 1.36 1.9 3.8 5.7

0.5 710 1.73 1.2 2.,t 3.7

1.0 1160 2.20 0.7 1.6 2..I

ai
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IlI.MSO DATA PRODUCTS

The synoptic program conducted at MSO on Ilaleakalafor SOLDYN Illwas directed

toward obtainingtwo distinctbut relatedsetsofobservations.

The principalseries,photo-electricobservations,usingthe llaleakalaStokespolarimeter(see

Mickey, 1985),was designedto lead to recur magnetic fieldand lineofsightvelocitymeasure-

ments in the photosphere. The second set of observationsconsistsof complementary photo-

graphicobservationsof the chromosphere and photosphereas well as of limb prominences for

correlationand comparison with the white lightcoronalstructure.This was designedlargelyas a

back up for the MLSO photographic data in the event that MLSO was covered by clouds and

MSO was not. In fact this contingency did not have to be dealt with during the study interval.

Stokes polarimeter

The llaleakala Stokes polarimeter consists of a 15-era aperture, f:16 telescope with a pinhole

field stop at the prime focus, a rotating quarter-wave plate modulator, and a compact high-

resolution echelle spectrometer. A 12g-element detector array in each ol the two beams at the

spectrometer focus provides simultaneous recording across a 3.._ spectral range. The polarimeter

produces line profiles in each of the Stokes parameters I, Q, U, V, which are displayed in real time

for the observer and stored on magnetic media for off-line processing.

The magnetically sensitive lille selected for this study w,x_ I'VeI X6302.5, a simple Zeeman

triplet with an equivalent width of 80 m_ ;rod a lower-level excitation potential of 3.67e_'. The

line is free from blends, is insensitive to temperature, atttl there are telluric O., lines at X6302.0

and X6302.76 which can be used as references for velocity determinations. The spectrometer

entrance slit was set. to provide a geometrical instrumental bandpass of .10 m.,_,. In practice, tile

spectrometer resolution is about 50 ,n._,.

t For each day, a rectangular r,_ster was obtained which covered the entire solar disk, with a

point spacing of 08 arcsec. Points in the corners of the r_'_ter which were off the disk were

skipped to speed up the scan, resulting in a total of about 3500 data points h_r each day. Integra-

Jl
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tion time at each point was 1.1 seconds; the full raster took 72 minutes to complete. The piohole

field stop was selected to provide a 30 arcsecond diameter field for a given data point.

The line-of-sight magnetic field data presented here were derived from the Stokes profiles by i

the integral technique described by Ronan et. a]. (1988)., which uses the integrated amplitude of i

the Stokes V signal as a measure of the magnetic field. This approach, of course, measures the

average magnetic field in the field of vies-,, ignoring the idea that tile flu_ may be concentrated in

small elements within the field. The derived quiet-sun fields in these data show a gaussian distri-

bution with arms amplitude of approximately iG. An instrumental offset of I-SG has been sub-

tracted from each day's data, but drifts during the raster scan show up as broad horizontal bands. .

These in turn are visible as faint diagonal bands on the synoptic map.

To date the data have been reduced, as presented in this Technical Note, to provide the

longitudinal component of the photospheric magnetic field. Work is continuing to derive vector

magnetic fields and photospheric lille of sight velocity distributions as well.

Flar_ patrol

l- The flare patrol telescope, using an Ha birefringent filter with a 0.5A band pass, moniLored

the full disk recording a 14-ram solar image on 35-mm film. It ran continuously during the polar-

imeter scan at a rate of one expost','e every 10 rain, but had the capability during periods of flare

! activity, to have the rate increased to as much as 10/ram. Following the scan, a set ,,; _:aded

exposures was taken for calibration purposes and to show prominences on the longer exposures.

J
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DATA COVERAGE

A .-overage list, Table 2, summarizes the combined operations during the observing pro-

gram. The times during which each instrument operated are logged as a function of date and day

year (DOY); the existence of an observation or identification of activity is indicated with a

"X'. All times are in U.T.

TABLE 2. SOLDYN IllDATA COVERAGE

OBSERVATIONS FOR 18 MARCH 1988 ECLIPSE

DATE DOY NMAP NDIFF SIIELLS SItELLS MSO ACTWITY
(UT) 1.3 Ro 1.7 Ro Stokes

1 MAR 61 1900 X X X
2 MAR 62 1903 X X X

3 MAR 63 1911 X X X X
4 MAR 64 NO DATA NO DATA X X
5 MAR 65 1904 X X X

6 MAR 66 1904 X X X
7 MAR 67 1910 X X X
8 MAR 68 1911 X X X
9 MAR 69 1901 X X X
:.0 _La,R 70 1911 X X X X
11 MAR 71 1908 X X X X

12 MAR 72 1906 X X X X X
13 MAR 73 1908 X X X X
14 MAR 74 1934 X X X

15 MAR 75 1906 X X X X
16 MAR 76 1901 X X X
17 MAR 77 NO DATA NO DATA X X
18 MAR 78 1914 X X X

19 MAR 79 1756 X X X X X
20 MAR 80 1907 X X X X X
21 MAR 81 1755 X X X X X
22 _&R 82 1903 X X X
23 _bkR 83 1930 X X X
2,t MAR 84 NO DATA NO DATA X X
25 MAR 85 NO DATA NO DATA X X
26 MAR 86 NO DATA NO DATA X X

27 MAR 87 NO DATA NO DATA X X
28 MAR 88 1739 X X X

29 MAR 89 1901 X X X
30 MAR 90 1909 X X X

1989017429-016
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V. SOLAR _CTIVITY DURING THE SOLDYN IH PERIOD

As an aid to the reader, a short summary of solar activity detected by us during the obser-

vational phase of the project is giTen below in Table 3. This list is not intended to be a

comprehensive specification of the level of activity, but it merely reflects that fraction of the total

activity captured in the joint project data set. There is a short comment concerning the specific

limb events obaerved; the approximate maximum height above the limb and heliocentric position

angle are given as a function of date, DOY, and U.T. A general comment concerning disk

activity is also included for each DOY. The limb activity summary is taken from the MLSO

prominence monitor real-time video data and the P-MON automatic log book.
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VI. DAILY SOLAR DATA

The data recorded during the SOLDYN III observations are presented on tile following 1!]

rit)agez in a format which uses two facing pages per DOY, a._ indicated in Fig. 1. The date and

DOY are indicated on each page. Observations of the photosphere and chromosphere are on tile

even-numbered (left-hand) pages, while the corresponding coronal data are presented on the odd- !

numbered (right-hand) pages. Tile even-numbered pages contain the solar data _ described in

Section Ill, with the left hand image showing the Ha sun, and the image on tile right showing the

limb patrol in Ha. In the lower center of the page is the daily magnetic field observation shown as

a a raster array of data superimposed on the part of the disk of the sun scanned that day. Dark

areas represent positive field. All images are oriented with geocentric north at the top; the sha-

dow of the pylon which supports the occulting disc in the prominence monitor limb image indi-

cates the location of the solar south pole.

The odd-numbered pages contain the coronal data described in Section II, with the NMAP

shown at the top left and the daily NDIFF shown at top right. The lower left frame contains the

SHELLS produced for observations at 1.3 -_o , while the lower right frame contains the S!IELLS

for 1.7 R o .

Precedingpageblank
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VH. SYNOPTIC SOLAR DATA

For understanding the large scale structure of tile corona, synoptic maps may be more help-

ful than the individual daily observations, llere we present such maps, b_,th of the photospheric

magnetic field, and of the coronal distribution of polarized white light ra_,iance, organized i-to the

whole rotation forma_ which displays the global structure (Fisher, et al., 1982b) and shown for the

Carrington rotations 1799 and 1800.

The magnetic field maps have been created by mapping successive swaths of observations

derived from the daily scans onto a rectangular projection of latitude and longitude similar to the

pB maps below. Where more than one observation occurs for a given location, the sev_r:d obser-

vations have been averaged. To this end, the coordinates of each point have been converted to

Carrington latitude and longitude, and data {in some e_.ses fro n several days' observations) have

been weighted by eos_( L -Lo ), where L -Lo is the distance from the central meridian at the time

of the observation, before being added into the synoptic map tile. The map ,_s shown here thus

represents weighted averages for each two-degree interval in latitude arid longitude. The mag-

netic field chart is shown for an entire rotation, encompmssing 360 ° of longitude from 180 _ izt

Carrington rotation 1799 to 180' in rotation 1800. The relative weights arc i_.li,':_led n]:o in the

subsequent chart.

The synoptic representation of the white light corom_ h:Ls been formed by mapping the daily

limb scans otlto a rectangular map, with _l_e <lay ntttul_ers of limh pa._sage marked. This pr<)-

ce(lurc is the same as that dt_scribed in Fisher et M., 19S21), _'ith lhe exception that tht, data is

now presented with cross halching to enlpha:_iz_' the conl_ur levels. .Maps rorm_',t from both e._-_t

and _est limb pa.ssages are prescllled, and are >ho',_.'tt for bolh llw inl,_.r (1.3 I_._ ) anti nfid,lle (I.7

/?. ) corona with file day number of limL pa.,,s:lg{, i_t,ticat,,i for ev(m days o;dy. Days ft)r whi,'h

no {lain are :_vail:d)le art. markt'd wilh an "X".
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